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NOTES
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Lymphoblastoid cell lines derived from human cord blood leukocytes were
persistently infected with human adenovirus 5. These cell lines expressed the
Epstein-Barr nuclear antigen, but no other Epstein-Barr virus-related antigen.
They continually produced infectious adenovirus 5 particles, but this production
could be inhibited by the presence of specific neutralizing antibody to adenovirus
5. This suggests that the persistent infection might be due to the continual
reinfection of susceptible cells by complete virus.

Human adenoviruses generally interact with
human cells to give a lytic infection resulting in
the production of infectious virus (11). With
monkey cells abortive infections are obtained
(26), and rodent cells may be transformed (5, 8,
19). In vivo, human adenoviruses may persist in
tonsils and adenoids as latent infections (15, 30),
and lymphocyte cultures of these tissues also
yield adenovirus and may carry the virus for a
long time (17, 31). We therefore investigated the
effects of infection by human adenovirus 5 (Ad5)
on human lymphoblastoid cell lines and cord
blood lymphocytes "immortalized" by treatment
with Epstein-Barr virus (EBV) (3, 10, 24).

Heparinized human cord blood was centri-
fuged on Lymphoprep (Niegard & Co., Oslo,
Norway) at 400 x g for 30 min. The leukocyte
band was recovered, washed twice in RPMI 1640
without serum, and suspended in RPMI 1640
tissue culture medium (GIBCO Laboratories,
Grand Island, N.Y.) supplemented with 20% fe-
tal calf serum (Flow Laboratories, Irvine, Scot-
land).
Leukocytes from two different cord blood

samples were divided into aliquots of 5 x 106
cells which were treated with EBV as a cell-free
supernatant (20) from cultures of B95-8 cells (2
x 104 50% infective doses, 3 x 106 particles in 1
ml), with Ad5 from culture of HeLa cells (2.5 x
10' 50% infective doses), or with both viruses.
Separate cultures of each sample were left un-
treated as controls. These cultures were main-
tained at 370C in 5% CO2; medium was changed
twice weekly.

In addition, two lines derived from cord blood

leukocytes immortalized 2 years previously with
EBV (CBLL 18 and CBLL 25) were infected
with Ad5 at 5 50% infective doses per cell.
The uninfected control cultures of cord blood

leukocytes died out after some 4 weeks of sur-
vival, and those infected with Ad5 alone died
within 3 weeks. The cells treated with EBV,
with or without Ad5, all gave rise, within 2
weeks, to clumps of immortalized cells. The im-
mortalized lines infected with Ad5 continued to
grow in culture.
These cell cultures were tested for the pres-

ence of antigens characteristic ofthe two viruses.
For EBV, the nuclear antigen was assayed by
anticomplement immunofluorescence as de-
scribed by Reedman and Klein (28), using two
reference positive and one reference negative
human sera supplied by the International
Agency for Research on Cancer, Lyons, France.
The early antigen and the capsid antigen were
detected by indirect immunofluorescence (12,
13), using sera from immunized rabbits, since
almost all positive human sera also contained
antibodies to Ad5. Similarly, Ad5 antigens were
detected by indirect immunofluorescence (4),
using sera from rabbits immunized as described
by Norrby and Skaaret (22) for the same reason.
Adenovirus hemagglutinin was assayed in the
culture supernatants as described by Rosen (29),
using Sprague-Dawley rat erythrocytes. Titra-
tion of infectious Ad5 produced by the infected
lines was performed according to the 50% end-
point dilution technique (27) on microtiter plate
cultures of HeLa cells.

All the cultures immortalized with EBV,
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TABLE 1. Kinetics of appearance ofAd5 antigens
and virus in cord blood leukocytes immortalized by

EBV

Time Immuno-
Cell sub- after in- fluores- Hemagglu- Infectivity
culture feti cence (% tination ti- (infectious
no." feto positive ter (U/ml)" doses)"

(wk) cells)'
0 3 ND" 40 1 x 102
0 5 0.01 160 ND
1 7 0.05 320 5.6 x 104
3 11 0.4 ND ND
7 13 1 ND ND
8 14 2 320 5.6 x 106
10 16 4 ND ND
11 19 4 320 32x106
12 19 3 2,560 18 x 10'
13 20 9 2,560 32 x 10"
14 20 5 2,560 32 x 10
15 21 4 320 32 x 10
17 23 4 160 32 x 10'
21 27 3 640 ND

Cell subculture after initial infection of the cultures with
EBV and Ad5.

A total of about 20,000 cells were observed on each sample.
Hemagglutination reaction was assayed on the superna-

tant. The test was done with Sprague-Dawley rat erythrocytes
in suspension at 1% with heterotypic anti-adenovirus 6 anti-
serum.

d Infectivity was measured for the total sample (10" cells in
1 ml of supernatant) after six freezings and thawings.
'ND, Not done.

whether Ad5 was also present or not, showed
the presence of EBV nuclear antigen in 80 to
100% of the living cells at 2 weeks after infection,
and this activity remained stable with time. No
early or capsid antigen was observed at any time
in these cultures, which therefore resembled pre-
viously described cultures of cord blood leuko-
cytes immortalized by EBV (C. Desgranges, M.
F. Lavou6, J. Patet, and G. de-The, Biomedicine,
in press).
The cultures treated with both EBV and Ad5

contained 0.01% cells positive for Ad5 antigens
at 5 weeks after infection. The percentage of
immunofluorescence-positive cells increased
steadily with passages, reaching a plateau level
of about 4% after 10 passages (4 months) for one
of the cultures (Table 1) and of 2 to 3% in the
other. The supernatants of the cultures regularly
contained hemagglutinating activity, though in
a variable quantity (Table 1). This hemaggluti-
nin was inhibited by a specific anti-Ad5 serum.
Infectious Ad5 was produced in increasing quan-
tities, stabilizing at a value of about 32 x 106
infectious doses per ml of culture (106 cells) after
11 passages for one of the cultures (Table 1).
Immunofluorescence studies indicated that Ad5
antigens were detected especially in larger cells,
which made up some 4% of the Ad5-infected
cultures but which were absent from cultures
immortalized with EBV alone.

The cells were pelleted, fixed, and processed
according to electron microscopy procedures as
described before (32). The immortalized line in-
fected with Ad5 revealed the presence of Ad5 in
the nucleus as well as in the cytoplasm, whereas
in HeLa permissive cells Ad5 was always seen in
the nucleus. The typical adenovirus-induced in-
clusion bodies with protein crystalline arrays
were observed in some Ad5-productive cells (Fig.
1). We never saw any EBV particles.
The addition of rabbit neutralizing antiserum

specific for Ad5 (640 neutralizing doses per ml)
at each medium change led to a continuous
decrease of Ad5 production in the cord blood
leukocyte culture infected with Ad5 (Table 2).
The complete disappearance of immunofluores-
cence-positive cells was obtained after 13 pas-
sages. After 19 passages of the culture with Ad5
antiserum, the cells were suspended in normal
tissue culture medium, and no fluorescent cells,
hemagglutination, or cytopathic effect could be
detected after 4 months.
Cord blood lymphoblastoid cells (CBLL 18

and CBLL 25) established with EBV 2 years
before this study expressed only EBV nuclear
antigen. After infection with Ad5, the cell growth
was not modified, and the synthesis of Ad5 an-
tigens appeared earlier than in the cord blood
leukocytes immortalized by EBV and Ad5. The
positive cells appeared 2 weeks after infection
and reached a stable level of 5% after 8 weeks.
As for the other lines, the infectious viruses were
detected in cultures. This infection typically per-
sisted for several months.
The results of this study showed that infection

of fetal human lymphocytes with human Ad5
led not to a typical infection of permissive epi-
thelial human cells resulting in lytic infection
but rather to a persistent viral state.

In vitro adenoid lymphocytes can replicate
Ad2 for a short period (17); cord blood lympho-
cytes not immortalized but infected with Ad5
yield low, short infectious virus production (23).
Lymphoblastoid cell lines P3HR-1 and Raji, es-
tablished from Burkitt's lymphoma (14, 25), in-
fected with Ad5 produce more infectious parti-
cles than do cord blood lymphocytes, but only
during a short period of 4 to 5 weeks (6).
The simultaneous infection of cord blood lym-

phocytes with Ad5 and EBV had established an
immortalized lymphoblastoid line with a persist-
ent Ad5 infection. The same persistent Ad5 in-
fection was also obtained for several months
with cord blood lymphoblastoid cells established
with EBV a long time ago. In these cell lines, 80
to 100% of the cells were EBV nuclear antigen
positive; no early or capsid antigen was detected,
whereas 3 to 5% of the cells were actively pro-
ducing Ad5 at a stable level. In Ad5-infected
cord blood lymphocytes not immortalized by
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FIG. 1. (a) Ad5 particles in nucleus and cytoplasm of cord blood lymphocyte 10 passages after infection
with both EBV and Ad5 (x 12,000). (b) Viral crystal ofAd5 in the nucleus of cord blood lymphocyte (x37,000).

EBV, the cells died 3 weeks after infection and passages without losing the ability to produce
no Ad5 virus could be detected. To date, the Ad5.
cord blood lymphoblastoid cell lines persistently Ad5-positive cells were larger than negative
infected with Ad5 have undergone 64 routine cells; in culture all the giant cells were invariably
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TABLE 2. Neutralization ofAd5 in cord blood
leukocytes by rabbit anti-Ad5 serum

No. of cell Immunofluo- Hemaggluti- Infectivity
subcultures agu- (infectiouswithantse-rescence (% nation titer doss/106withruatise positive cells) (U/610 cells) cells)

0 6 320 32 x 106
1 2.5 160 1 x 10;
2 7 20 5.6 x 10;
3 6 0 5.6 x 106
4 4 0 3.2 x 105
5 4 0 3.2 x 10'
8 0.1 0 Ix102
10 0.1 0 10
12 0.01 0 <10
13 0 0 0
14 0 0 0

Ad5 positive, and they were present during the
whole observation period. This is a characteristic
feature of lymphoblastoid cells superinfected
with virus (9).
The latent EBV deoxyribonucleic acid (DNA)

in typical human lymphoid cell lines is mainly
present as circular DNA molecules of viral ge-

nome length (16, 18), but integrated viral DNA
sequences also seem to be present (2). Recently
transformed human umbilical cord blood leu-
kocytes contain circular virus DNA molecules,
but not readily detectable amounts of integrated
viral DNA sequence (1). Cord blood leukocytes
treated with both EBV and Ad5 can be cured of
Ad5 production by growing them in the presence

of anti-Ad5 antibody, but nothing is known
about integration of Ad5 DNA. Experiments are

in progress to test the possibility of the presence

of viral Ad5 DNA in the cellular genome.
So it seems that the multiplication of Ad5 was

possible in a line containing the EBV genome,

and the persistence of the infection was only
possible in lines immortalized in vitro after in-
fection with a transforming strain of EBV. In
Raji and P3HR-1 lines, established spontane-
ously from malignant Burkitt's lymphoma, we

obtained only limited Ad5 viral replication (8
weeks). These lines possess an oncogenic poten-
tial in nude mice (21), monoclonal origin (7), and
a stable integration of viral EBV DNA (2); it is
now important to determine whether the per-

sistent Ad5 infection is due to the malignancy or

to the state of differentiation of the infected cells
(adult or fetal). The interaction between EBV
and Ad5 in perpetuating infection is not under-
stood, but this persistent infection system is
interesting, with two viruses intensively spread
in humans.
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